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ABSTRACT
Recent studies in the role of nucleic substances in m etabolism  
have been la rge ly  re s t r ic te d  to adventitious t is su e s .  Since such 
knowledge may be elucidated by use of less  d isto rted  growth system s, 
excised tomato roots were used as a te s t  medium for this study with 
nucleic m a te r ia ls .  In addition, the place of genetic factors in such 
phenomena has been approached through the use of known, genetically 
stable plant m a te r ia ls .
The growth of excised tomato roots was studied in medium 
with ribose nucleic acid (RNA), desoxyribose (thymo) nucleic acid 
(DNA), alkaline hydrolysate of RNA and DNA, uridylic acid, cytidylic 
acid, guanylic acid, adenylic acid, u rac il,  uridine, xanthine, hypoxan- 
thine, and uric  acid. Of these, there  appeared effects distinctive to the 
s tra ins in RNA and xanthine medium. Growth data were taken over a 
four-weeks culture period and studied in light of o th e r  investigations. 
Supplemental studies of im purities in the substances used were also 
ca rr ie d  out.
RNA completely inhibited roots of s tra in s  103 and 154, but 
had little effect on the growth of roots of s tra in  151. Roots of 103 x 
154 were also inhibited, but roots of 103 x 151 were slightly stimulated 
and roots of 151 x 154 were only slightly inhibited. Xanthine stimulated 
the growth of roots of s tra ins 151 and 154, but proved quite inhibitory
vi
to roots of 103. Roots of 103 x 151 and 151 x 154 were highly stimulated, 
while those of 103 x 154 were inhibited to about the same degree as those 
of 103.
It was concluded that RNA and xanthine m ust certa in ly  enter 
the m etabolism  of excised roots or affect it  significantly. The exact 
mechanism  is not certa in . The place of RNA and xanthine (and possibly 
other re la ted  substances) in the physiology of plant growth m ay well be 
dependent on genetic constitution.
v i i
IN T R O D U C T IO N
The rep o r ts  of the m etabolic  effects of various nucleic com ­
ponents has been  large ly  r e s t r ic te d  to m icroorganism s (Hitchings, 
et_al, 1952, E lion, _et al, 1953, B a lis_ e ta l ,  1953) and t is su es  derived 
from callus of higher plants (Nickell, et a l , 1950). The only work which 
involved higher plants in a re la tive ly  norm al condition of growth was 
done with seedlings over a very  short experim ental period in p e tr i  plates
(Ber, 1949).
Since the re su lts  of such studies are  promising of fundamental 
implication on growth and development, it became desirable to study such 
phenomena in light of two other biological aspec ts , namely;
a) a background of p red ic tab le , long-life growing m ate r ia ls  
of uniform  constitution.
b) a genetic background of inbred and hybrid organ ism s.
In light of in te re s t  in re s e a rc h  along these lines, the e x p re s ­
sion of A lm estrand  (1951) c lea r ly  pointed to a choice of te s t  o rganism s. 
He says "Sterile  cultures of roots m ust be regarded  as one of the bes t 
controlled growth system s available. "
Within this fram ew ork , the availability of highly inbred lines, 
as well as hybrids of the l in es , made the use of root cultures of tomato 
ideal m a te r ia l  for this study. Whether or not the cultures are " s te r i le "  
is not significant in this p a rt icu la r  aspect.
2With these root clones available, a number of nucleic m a te r ­
ials which had been used by other w orkers were screened for a d iffe r­
ential in their action which might be co rre la ted  with the genetic consti­
tution of the tom atoes. Growth data were accum ulated in a  manner 
conventional in the tissue  culture program  at the P lant R esearch  
Institute of the University of Texas.
Such resu lts  are discussed in light of previous work with other 
organism s, and conclusions a re  presented  in th is work.
R E V IE W  O F  L I T E R A T U R E
The recen t in te res t  in metabolic effects of substances derived 
from  or re la ted  to nucleic components in both plants and animals p ro b ­
ably received  substantia l stimulus in the studies published by the 
w orkers a t the Wellcome R esearch  L abora tories . This work covers 
numerous aspects of the problem which have been suggested and p u r ­
sued by numerous r e s e a rc h e rs .
Elion, _et al (1950, 1950a, 1951, 1951a, 1953) and Hitchings, 
et al (1950, 1950a, 1952) have elaborated a scheme of study based  on 
Lactobacillus case ii and an extrem ely  wide range of chemical analogs 
of nucleic acid derivatives. Close cooperation with the Sloan Kettering 
Foundation has resu lted  in a se r ie s  of repo rts  (Balis, et a l , 1951, 1952, 
1953, 1955, 1955a) which have broadened the range to include E scherich ia  
coli and some interm ediate hydrolysis products of nucleic acid ra ther 
than the s im pler substances reported  in e a r l ie r  work.
These w orkers follow the s truc tu ra l formulae accepted by 
F le tcher, et al (1944) and discussed  in g rea t length by Davidson (1950). 
This, of course, means that they utilize RNA and DNA as well as the 
five nitrogen bases in the nucleic acids. Chemical analogs of the nitrogen 
bases were used in every  variation available to the w orkers.
This extensive study utilizes only bac ter ia  of two species.
3
4Admittedly, bac te r ia  are  fine te s t  o rganism s (Hitchings, _et a l , 1950), 
but a wider range of in te res t  has also been evident in other species.
The other workers have lim ited them selves to very  few substances 
tes ted  in the medium, and have m ore complex problem s of growth to 
in te rp ret.
Nickell, _et al (1950) applied nucleic acids, some of the hydro­
lysis products and analogs to virus tum ors of Rumex. This growth 
system  includes virus within the cells of the tum or, admittedly a com ­
plicating factor.
B er (1949) applied RNA and u rac il  to his experim ental p ro c e ­
dures for the study of auxins in young seedlings. He used severa l 
species in widely diverse fam ilies, but applied the m a te r ia ls  to only a 
very  short portion of the life -span  of the plant. His seedlings never 
reached a stage in excess of pe tr i-p la te  size requ irem ents . The data 
from  urac il indicate a relationship  to auxin function. It was two years  
la te r  when Thimann (1951) presen ted  a portion of the Wisconsin sym po­
sium which c larified  some of B e r 's  implications.
Studies with other than physiological significance were c a r r ie d  
out by workers in other a re as .  Huskins (1948) applied RNA to rooting 
onions and finally deduced that there  was a profound effect on somatic 
reduction and segregation. We see little  of a follow-up of this re sea rch , 
either verification or refutation. Indications are  that norm al somatic r e ­
duction and segregation m ay be somewhat exaggerated in the original
5work of Huskins .
P a in te r , who is a cytologist of considerable reputation among 
zoologists, reported  on a study of Rhoeo discolor pollen in 1943. In 
this repo rt,  he re fe rs  to RNA and DNA with very litt le  distinction b e ­
tween the two. He contends that considerable tran s fe r  through cell 
walls takes place in a process converting one nucleic acid to the other.
In spite of the lack of knowledge of such phenomena, he added ideas to 
this concept (1944), and continues to hold to the idea to the p resen t time 
(personal interview). He co rre la ted  the chromatin behavior during cell 
division in plants and invertebrates on the basis of stain reac tion  which 
was presum ed specific to the nucleic acids (1945).
Although Painter has implied ra ther quick and easy  RNA-DNA 
inter conversion, the ideas of B rachet (J947) are a b it  m ore involved.
He proposed a histone in term ediate, if the conversion occurs at all.
It was not until 1955 (Balis, et al) that h is tone-re la ted  m a te r ia ls  en­
te red  the picture of purine and pyrimidine m etabolism .
With this as the cu rren t background of studies and writings on 
the topic of nucleic acids and their derivatives, it was also noted that 
writings in the rea lm  of tissue culture were making grea t claims for 
the adaptability of their techniques to sim ila r problems with other sub­
stances. Following the writings of White (1934, 1939) concerning the 
potentials of tissue culture of both organized and unorganized m a te r ia l ,  
numerous investigators began to use this technique. As ea r ly  as 1939,
Addicott published a very  c r i t ic a l  t re a tm e n t of the effect of a B vitamin 
on m er is tem a tic  activ ity  of pea roots in culture.
Robbins and his assoc ia tes  (1938, 1941) were engaged in a 
running battle  with White in reg a rd  to vitam in requ irem ents  of tomato 
roots until a fte r 1940, when they reached  s im ila r  conclusions. White's 
technique (1943, 1954) now calls for the addition of th ree  B vitamins to 
standard m edium  for tomato roots. It was in this period and shortly 
following that some of the palavering repetitions in the l i te ra tu re  are 
so obvious (White, 1941, 1942).
While the A m erican  tissue  culture p rogram  was becoming a 
phenomenon in i tse lf , the Europeans were also making much of s im ila r  
endeavors. G au th e re t’s f i r s t  m ajor d iscussion  along this line appeared 
in 1938. He provided a manual of techniques for callus w orkers (1942) 
which is still  widely used, but superceded by a m ore general manual in 
1945. G autheret, his colleagues, and his students have provided a 
monumental volume of work in an a re a  re s t r ic te d  to callus growth and 
cambial ce lls . Much of the e ssen tia l  data is sum m arized  in the more 
recent manual of technique (1945).
Various individuals finally becam e in te res ted  in fu rther ap­
plication of these  techniques. Whaley and Long (1944) u tilized  the 
culture of roo ts in a study of h e te ro s is ,  with implications as to the 
application of s im ila r  procedures to physiological genetics. This 
general a re a  is the one in which the p resen t problem  lies .
7As in m any other a reas  of scientific  development, a period 
of reexam ination of the generally  accepted p rocedures and axioms 
came about. W orkers coming into the field were being m ore c r i t ica l  
of over-stepping the ir  data with the ir  conclusions, but fully aware of 
the possib ilities of root cultures (A lm estrand, 1951). In the la b o ra ­
to r ie s  of the English physiologist, Ashby, a number of young men 
began a c r i t ica l  study of White's techniques (Street, et a l , 1951, 1953) 
and explanations (Street and R oberts , 1952). These w orkers also pursued 
fu rther the anatomical s truc tu re  and changes which were brought about 
in tomato root cultures (Street and M cGregor, 1952). One of S tree t 's  
students continued this c r i t ica l  study of root cultures to reexam ine the 
he te ros is  work of Whaley and Long (1944) in light of m ore reliable  
knowledge of culture techniques (Boll, 1954).
In fact, some of the e a r l ie r  w orkers  also made reevaluations 
about this time and aided considerably  in the overa ll improvement of 
techniques (Whaley, et al_, 1950; White, 1953).
More recen t trends seem  to lead  toward a recapitu lation  of 
the hormone sto ry  in root cultures (S treet, e t al, 1954). Whether or 
not this will be m ore than a review  of apical effects of hormones at the 
root tip level as com pared to twenty y ears  of work at the coleoptile level 
rem ains to be seen.
MATERIALS AND METHODS
Root clones of two stra ins of Lycopersicon esculentum  Mill, 
(.designated as University of Texas 151 and 103) and one s tra in  of L. 
pimpinellifolium (Jusl. ) Mill. (154) were used in this study. S train  
151 is a selection from  the variety  Bounty. This s tra in  was inbred 
for eleven generations before the root clone was estab lished . S train  
103 is a selection from  the variety  Yellow Plum, inbred for seven 
generations before the root clone was established. S train  154 was 
selected from  a supply of com m ercially  grown seed of the varie ty  
Red C urran t. F ie ld  grown plants from  this seed supply suggest e s se n ­
tia l genetic uniformity of morphological ch a rac te r is t ic s  over a period 
of y ears . Root clones of the F^ hybrids, 103 x 151, 151 x 154, and 
103 x 154, were also used.
Root clones of the F j  rep resen t all of the possible combina­
tions except rec ip roca l c ro sses . These were not added because this 
would have added such proportions to the experim ental p rog ram  as to 
be prohibitive. All of the cultures were available in the University of 
Texas collection, and had been ca rr ied  in vitro for a m inimum of six 
m onths.
All six clones had been established in the conventional m anner 
described by White (1943). Seeds were s te ril ized  in hypochlorite, 
rinsed , and germ inated aseptically in p e tr i -p la te s . Apical pieces of
8
9one centim eter were rem oved after root development had proceeded 
about 3 or 4 cen tim eters . These explants were placed in culture and 
m aintained as described  in succeeding paragraphs.
Cultures were always grown in a medium described by White 
in 1943. The m inera ls  were prepared  in solutions of ten-fold concen­
tra tio n  as stocks and the glycine and B-vitam ins were added as one 
thousand-fold concentra tes. Iron sulfate and sugar were added as a 
solid in each batch of medium prepared , usually in a volume in excess 
of ten l i t e r s .  The final concentrations of m ateria ls  vere as follows:
Sucrose .....................................................  20 g. /I.
Calcium n i t r a t e   200 mg. / I .
Magnesium- sulfate . . . . . . .  360 "
Potassium  n i t r a t e   80 "
P o tassium  chloride  65 M
Sodium su lfa te   200 "
Manganese sulfate . . . . . .  4 .5  "
Zinc su lfate ................................................. 1.5 ”
F e rro u s  s u l f a t e .....................................  2.5 "
Sodium phosphate (Prim ary). . 16. 5 11
Boric ac id ....................................................  1^5 "
Potassium  iodide.  .....................  0. 75 "
Thiamine hydrochloride (B l) . 0. 1 "
Pyridoxine.............................................. 0. 1 "
Niacin..............................................................  0.5 "
Glycine...........................................................  3.0 "
The roots were grown in 50 m l. of White's medium (1943) 
in 125 ml. E rlenm eyer flasks. The cultures were maintained in the 
dark  at tem pera tu res  of 281 3° C. with a minimum of movement or 
disturbance.
The explant pieces used in experimental studies were grown in 
such a way as to achieve maximum uniformity. Large numbers of stocks
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were c a rr ied  during the two years  of the study in o rder to provide 
these explants and to continue the root clones. The experim ental ex ­
plants were selected  in the following m anner: Roots which had about
five la te ra l  roo ts aris ing  in the region 10-30 mm. from the tip were 
selected. This region was excised and put in culture. These cultures 
were allowed to grow until the original la te ra l  roots had in turn  developed 
la te ra l  roots (about a week). Ten m m . root tips from these la te ra l  roots 
were taken as the explants. All such ten  m m . explants were from roots 
less  than 20 m m . in length. Explant pieces were cut off with surgical 
sc isso rs  and t ra n s fe r re d  with a wire loop. All operations were p e r ­
form ed so as to avoid contamination by m icroorgan ism s.
In o rder  to m aintain stocks in addition to the ones used for ex ­
plants, apical portions of the f i r s t  rem oval and apices of over-grown 
sectors of roots were rem oved to f re sh  medium. This procedure som e­
times failed to provide sufficient stocks, and some cultures were r e ­
turned to stock in a m anner identical to the experim ental lo ts.
A to ta l of 120 explants were made for each trea tm en t in 
se ries  one (I). sixty explants for each trea tm en t in se ries  II and III.
One week after explanting, all flasks showing contamination or con­
taining dead or obviously damaged root tips were discarded. On the 
average, about 15 flasks were elim inated from  each trea tm en t in se ries  
I, 8 to 10 flasks from  each trea tm ent in se r ie s  II and III. After this 
elimination, roots were selected at random for weight determinations.
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Roots were removed from the culture m edium, blotted on 
filter  paper and placed in pre-w eighed aluminum pans for f re sh  weight 
determ inations. These pans were then placed in a c irculating a ir
m inations. Pans were re-weighed afte r dry roots had been removed. 
All roots and pans were handled with m etal instrum ents  throughout the 
operation, and hot pans were allowed to come to room tem pera tu re  in 
calcium chloride dessica to rs . Weights were determ ined  on an analyti­
cal balance with accuracy to 2 dec im illig ram s.
Weights were recorded and standard  e r r o r  determ ined in the 
cases in which values of fresh  weights were g rea t  enough to appear 
useful. The conventional procedure for th is calculation (Snedecor, 
1946) was followed in the determination of standard  e r r o r ,  as follows:
be added to the medium, a se ries  of screening experim ents was run.
In these experim ents, ribose nucleic acid (RNA), desoxyribose nucleic 
acid (DNA), alkaline hydrolysates of RNA and DNA, uridylic acid, cyti- 
dylic acid, guanylic acid, adenilic acid, u rac il ,  uridine, xanthine,
hypoxanthine , and uric acid were tes ted . All of these were secured 
from  Nutritional Biochemicals Corporation in the only available grade.
drying oven at 105° C for 24 hours and weighed for d ry  weight d e te r -
Standard deviation
In order to discover any differential effects of substances to
V
With only two exceptions, the substances tes ted  were simple
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compounds whose purity can be established by crystallization . R ibose 
nucleic acid and desoxyribose nucleic acid are not simple compounds, 
and indications of their homogeneity are ra th e r  involved. The products 
used here were derived from yeast and animal thymus, respectively , 
according to standard m ass procedures. Ribose nucleic acid (RNA) is 
a polymer varying from several thousand to half a m illion in molecular 
weight. It can be noted from the component form ula that this is a te t ra -  
nucleotide in a 'fixed ra tio  of the nucleotides included. The phosphoric 
acid in the f i r s t  line and the ribose in the second line a re  points of 
m olecular attachment of the polymer chain.
Adenine - ribose - phosphoric acidi
Guanine - ribose - phosphoric acid 
Cytosine - ribose - phosphoric acid 
Uracil - ribose - phosphoric acid
Desoxyribose nucleic acid, which is of animal origin in com ­
m erc ia l  preparations, is very sim ilar in overall s truc tu re . The follow­
ing component formula is accepted for DNA (Davidson, 1950):
Adenine - desoxyribose - phosphoric acid 
Guanine - desoxyribose - phosphoric acid 
Cytosine - desoxyribose - phosphoric acid 
Thymine - desoxyribose - phosphoric acid
In prelim inary  experiments, sixty explants, ten from each of 
the root clones under investigation, were placed in White's medium con­
taining 0. 2 grams per l i te r  of each of the m ate r ia ls  to be tested. Root 
weight determinations were made at the end of three weeks. On the
13
basis  of data obtained in this manner (Table I), six substances (RNA) 
hydrolysate of RNA, u rac il, uridine, xanthine, and u ric  acid) were 
se lec ted  for fu rther study. These were then further screened  in an 
experim ent using 60 explants of each line of roots.
In the second screening, it was noted that even the growing 
roots in medium containing uric  acid and hydrolysates of RNA turned 
brown and became britt le . Roots in the other media rem ained  e s s e n ­
tia lly  norm al in appearance. The stra ins of tomato roots showed 
g rea te r  differences in their  responses to xanthine than to uridine or 
u rac il. For this reason , xanthine was selected as the nitrogen base 
to be used in the main body of the experiment, along with RNA.
For the m ain body of the experiment, RNA secured  from  
Nutritional Biochemicals Corporation (lot number 1755), was added 
to the standard  medium in a concentration of 0. 2 gram s per l i te r .  
Xanthine (secured  from the same supplier, all of lot number 8280) was 
added in the same concentration.
An attem pt was made to determine the effects of im purities 
that may have been p resen t in the RNA which might affect the re su lts .  
Inasmuch as RNA is a mixture of polymers of varying m olecular weight, 
it was n ecessa ry  to purify some of the m ateria l  for a supplem entary ex ­
perim ent, yet provide for a minimum of separation of the constituent 
polym ers and a minimum hydrolysis of the product. The method used 
was sim ila r to that of F le tcher, et al, (1944).
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Twelve gram s of RNA were dissolved in 100 ml. of 10 per 
cent ammonium hydroxide. Small portions of ethyl alcohol - 
hydrochloric acid (5 parts absolute alcohol and 1 p a rt  concentrated 
hydrochloric acid) were added until some of the RNA was precipitated. 
This partially  precipitated mixture was filtered. The procedure was 
repeated  three tim es. The recovered fractions of precipitated RNA 
weighed 2. 36, 2.04, 1.32, and 2. 71 gram s, respectively. The filtra te , 
which coxitained 3.57 gram s of the original substance, was neutralized 
with sulfuric acid and evaporated to a small volume under vacuum. 
Weights of the recovered fractions were determined after drying over 
phosphorus pentoxide for 48 and 96 hours.
The f i r s t  fraction was a dirty c ream  color; it contained the 
colored m ate r ia l  of the whole sample. Successive fractions were pure 
white, and rem ained so after drying. The f irs t  fraction obviously con­
tained any insoluble or readily  precipitated im purities. The filtrate  
presum ably contained any acid-alcohol soluble im purities:
The f i r s t  two fractions of RNA and the filtrate  were added to 
the medium in the same concentration as the stock RNA. The p ro ce ­
dure for culturing the roots was the same as with the stock RNA. Roots 
of 151, 154, and 151 x 154 were selected for testing for the presence of 
RNA because they had been demonstrated to be differentially affected by 
the presence of RNA.
An attempt was made to determine the effects of im purities
15
that m ay have been p resen t in the xanthine. Approximately one gram  
of charcoal (activated) was shaken with 3.6 gram s of xanthine dissolved 
in about 10 ml. of 18 per cent ammonium hydroxide. This suspension 
was f ilte red  and washed with a few ml., of water. The filtra te  was r e ­
tre a te d  twice with f re sh  charcoal. The final filtrate  was added to the 
s tandard  culture medium in the same concentration as stock xanthine. 
Roots of clones 103, 154, and 151 x 154 were selected for comparing 
the stock xanthine and the repurified  lot. The roots of these clones had 
been dem onstrated  to be differentially affected by the presence  of 
xanthine.
R E S U L T S
GENERAL:
No significant differences in growth patterns based  on fresh  
weights or on dry weights was noted. Tables V, VI, and VII indicate 
d ry  weights illu s tra ted  in Figure 2. These a re  shown, respectively , 
as fresh  weights in Tables II, III, and IV and Figure 1. References to 
weights in the forthcoming discussion re fe r  to both fre sh  weights and 
dry weights unless specifically indicated otherwise.
SCREENING EXPERIMENTS:
The effect of RNA was variable in its inhibition of the different 
clones of roots. It proved of no significance to 151 and 103 x 151 while it 
inhibited the growth of 103, 154, and the hybrid thereof (Table I). The 
DNA proved significantly inhibitory in all of the clones; hence it was 
not the so r t  of substance which was being sought.
The hydrolysates of both nucleic acids proved inhibitory to all 
lines, although they proved completely inhibitory to growth in only 151, 
151 x 154, and 103 x 154 with ribose nucleic acid hydrolysate. This 
minimum of differential response also ruled out the use of these hy­
drolysates as differentiating m ateria ls .
The separated  and purified p rim ary  hydrolysis products of 
RNA (nucleotides) were completely inhibitory to growth of all clones of
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roo ts . Thus, uridylic acid, cytidylic acid, guanylic acid, and adenylic 
acid were found to be non-differential in responses with all of the clones 
of ro o ts .
Uracil proved variable in its effect on various clones, proving 
stim ulatory  to 151, inhibitive to 103, 154, and 103 x 151, and non- 
effective on 151 x 154 and 103 x 154. This variab ility  of effect on d iffe r­
ent lines was alm ost equal to the variability  due to xanthine, except that 
xanthine induced stimulation in 103, 103 x 151, and 151 x 154, inhibition 
in 103 x 154 and no effect in 103 and 154. The xanthine effect, therefo re , 
is in the favorable range and more adaptable to experim ental usage b e ­
cause of the la rg e r  growth values induced.
Uridine showed effects on only two clones, 151 and 103 x 151, 
in which there  was some inhibition. Uric acid proved completely in ­
hibitory in all lines except 151 x 154, where inhibition was only partia l.
The p re lim inary  study, therefore , showed that RNA, among the 
complex substances, showed g rea tes t variation in its effect on the roots. 
Xanthine showed maximum variation in effect among the s im pler sub­
stances and was m ore adaptable to experimental use because of its 
stim ulatory  effect on some lines of tomato roots.
GROWTH OF ROOTS IN STANDARD MEDIUM:
Roots of s tra in  151 tended to reach  their maximum weight by 
the end of the th ird  week. At this time there was a term ination of the
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Table I. Results of p relim inary  studies of the effect of addition of 
various substances to standard medium. (0 indicates no 
effect, - indicates decreased  growth, + indicates increased  
growth, I indicates complete inhibition. Each trea tm en t is 
compared to growth in standard medium. )
103 x 151 x 103 x 
151 103 154 151 154 154
RNA 0 I I 0 - I
DNA - - - - - -
RNA hydrolysate I - - - I I
DNA hydrolysate - - - - - -
Uridylic Acid I I I I I I
Cytidylic Acid I I I 1 I I
Guanylic Acid I I I I I I
Adenylic Acid I I I I I I
Uracil + - - - 0 0
Uridine - 0 0 - 0 0
Xanthine + 0 0 + + -
Hypoxanthine I I I 0 I I
Uric Acid I I I I I
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in c rease  in weight of the roots (Figure 1). Roots of th is s tra in  had 
a tta ined  81 per cent of their final weight by the end of the second week. 
Roots of s tra in  103 grew fas ter and longer than those of s tra in  151. In 
roo ts  of this s tra in , growth continued through the full experim ental 
period , but at the end of the four weeks the rate  of inc rease  had 
stabilized.
Roots of 154 reached a g rea ter weight than those of any other 
l ine . Their final weights were about four tim es those of 151. They 
w ere still rapidly increasing in weight at the end of the culture period.
In roots of 151 and 103, the reduced rate of weight increase  was a s s o ­
c ia ted  with changes in color and flexibility. During the th ird  and fourth 
weeks the color change was m ost noticeable. None of these changes 
w ere noticed in roots of 154.
Among the hybrids, roots of 103 x 151 showed distinct hybrid 
vigor in that their increases  and total fresh  weights were appreciably 
g re a te r  than those of e ither parent at the th ird  week (Figure 1). How­
ever , this was not true on the fourth week. Roots of the clone of 151 x 
154 grew in a fashion somewhat intermediate between that ch a rac te r is t ic  
of roots of 151 and 154. They were still growing at the end of the period, 
although a sharp  decrease  in growth rate  after the second week had oc­
c u rred . Roots of the hybrid 103 x 154 weighed approximately the same 
as did those of 103 through the culture period.
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Figure 1. F re sh  weights of tomato roots at weekly intervals grown 
in standard medium (solid line), standard medium with 
xanthine (broken line), and standard medium with RNA 
(dotted line). Each value represents the average of values 
from three replicates.
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Figure 2. Dry weights of tomato roots at weekly intervals grown in 
standard medium (solid line), standard medium with RNA 
(dotted line), and standard medium with xanthine (broken 
line). Each value represents the average value from three 
rep lica tes .
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EFFECTS OF RNA:
The fre sh  weights of roots of inbred lines grown in the RNA 
supplemented medium were usually small (Tables II-VII). The sm all 
weight increases  apparent from the onset in roots of s tra in  151 did not 
p e rs is t ,  however. Roots of this clone showed little  increase  in weight 
the f irs t  week when grown with RNA, although by the end of the second 
week they had approached the values of roots grown in standard  
medium. By the end of the th ird  week, the weight of roots grown in 
RNA supplemented medium was g rea te r  than the weight of those grown 
in standard  medium by about one third . Growth of 103 and 154 roots 
was alm ost completely inhibited in the presence of the RNA.
The weight increase  pattern  ch a rac te r is t ic  of 151 roots was 
also ch a rac te r is t ic  of the hybrids which had 151 as a parent. Only in 
roots of these lines was a reduced rate of weight increase  followed by 
an increased  ra te , as com pared to roots in standard  medium. The in ­
crease  in rate always took place during the second week, and in roots 
of 103 x 151, there  were only slight differences in weight of roots grown 
in standard medium and with RNA. In roots of 151 x 154, the weight in ­
c rease  never reached that in standard medium, with th ird  and fourth 
week determinations significantly sm aller with added RNA. Hybrid 
103 x 154 was alm ost completely inhibited by RNA.
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T a b le  II. F r e s h  w e ig h ts  ( m g .  ) o f  r o o t s  g r o w n  in  s t a n d a r d  m e d i u m ,  w i th
R N A , a n d  w i th  x a n t h i n e ,  r e s p e c t i v e l y ,  f r o m  th e  f i r s t  s e r i e s  of
e x p e r i m e n t s  (I) .  (20  f l a s k s  p e r  d e t e r m i n a t i o n .  )
Lines Medium Week
Second
Week
Third
Week
Fourth
Week
151 Standard 4. 6 20. 3-2. 1 25. 1+1.4 19. 7 l l .  2
RNA 0.9 9.2 29. 7+1. 0 24. 7+1. 1
Xanthine 4. 3 24. 7^3.4 31. 5+1. 6 33. 7+1. 7
103 Standard 2. 1 28. 4+1. 2 45. 2+1. 8 46. 1+2.8
RNA 0.4 0. 8 2. 1 2. 1
Xanthine 0. 7 17.4+0. 6 • 24.6+1.0 27. 1+1. 3
154 Standard 1. 2 49. 7+4.3 7 0 .8 t l .  1 91.7+3.5
RNA 1.5 1. 7 1. 6 1. 5
Xanthine 0. 5 47. 4+1. 8 8 6 .9 t l .  5 89.8+1.3
103 x 151 Standard 4. 7 41.4+1. 0 65. 6+2. 2 6 3 .8 t l .  3
RNA 0. 6 17.9+1. 1 59. 3+1. 0 70. 7+1. 7
Xanthine 4.9 49.2+3.1 84.0+2. 0 83. 8+1. 8
151 x 154 Standard 3. 7 54. 7+2. 2 63. 6+2.4 74. 6+3.9
RNA 0. 3 11.4+0. 7 48. 3+1. 0 51. 1+1. 0
Xanthine 3. 6 74.7+3.3 104.4+1. 9 109.7+2.5
103 x 154 Standard 5. 1 29.4+0.9 36. 3+0.9 41.7+1.3
RNA 1. 8 2. 8 4. 8 3. 5
Xanthine 0.8 11.2+1.0 17.4+1. 1 21. 2+1.4
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T a b le  III. F r e s h  w e ig h ts  (m g .  ) of r o o t s  g r o w n  in  s t a n d a r d  m e d i u m ,  w i th
R N A , a n d  w i th  x a n t h i n e , r e s p e c t i v e l y ,  f r o m  th e  s e c o n d  s e r i e s
o f  e x p e r i m e n t s  (II). (10 f l a s k s  p e r  d e t e r m i n a t i o n . )
Lines Medium Week
Second
Week
Third
Week
Fourth
Week
151 Standard 6. 1 26. 7t2. 5 31 .4 l  3.7 30. 6+4. 2
RNA 1. 2 17.4+2. 0 36. 6+2. 6 36. 7+2. 8
Xanthine 5. 0 26. 2+4. 0 39.2+1.4 41. 0+1.4
103 Standard 3.4 31. 7+3. 3 53. 7+2. 8 56. 2t4. 0
RNA 0. 6 0. 7 0.9 1. 6
Xanthine 1.7 17. 3+1. 2 24. 2+1. 3 31.8+3. 1
154 Standard 1.5 52. 3+3. 2 69.8+2. 5 96.4+3. 7
RNA 0. 8 1. 3 1.5 1. 5
Xanthine 1. 1 47. 7+1. 2 79. 4 t 3. 1 101. 7+3. 5
103 x 151 Standard 7. 3 49.6+3.7 68. 7+4. 0 69.1+4.3
RNA 1.0 27. 2+3. 5 66.8+4.4 69.3+4.1
Xanthine 6. 8 56. 1+1. 7 86.412.4 97. 1+5. 1
151 x 154 Standard 5. 2 59.8+3.7 69.113.9 77. 3l4. 1
RNA- 0. 6 14. 7+1. 6 53.8+3.3 54. 7+2.9
Xanthine 6. 1 80. 4+1.9 102. 3+2. 8 108.7+5.5
103 x 154 Standard 3. 0 30. 0+3.4 ' 50. 7+3. 3 48. 6+4. 3
RNA 1.4 2. 0 3. 7 ' 3. 6
Xanthine 1.2 9. 7+1. 3 20.4+3.3 26. 3+2. 1
25
T a b le  IV . F r e s h  w e i g h t s  ( m g .  ) o f  r o o t s  g r o w n  in  s t a n d a r d  m e d i u m ,  w i th
R N A , a n d  w i t h  X a n t h i n e ,  r e s p e c t i v e l y ,  f r o m  th e  t h i r d  s e r i e s
o f  e x p e r i m e n t s  ( I I I ) .  (1 0  f l a s k s  p e r  d e t e r m i n a t i o n .  )
Line s Me dium
F i r s t
Week
Second
Week
Third
Week
F ourth
Week
151 Standard 6. 3 23. 6+2. 0 30. 0t2. 9 31. 7+3. 1
RNA 1. 2 13. 3+1. 3 34. 6+2. 3 37. 4+1.9
Xanthine 4. 8 28. 1+2. 9 35.4+2. 0 36. 7+1..8
103 Standard 3.9 30. 2+2. 5 51.4+2.9 55.5+4.1
RNA 0. 7 1. 1 1. 8 2. 0
Xanthine 1.2 18. 4+1. 1 23. 5+1. 5 29.0+2.7
154 Standard 1. 3 51. 1+2.9 72. 5+3. 2 9 3 .6 t3 .4
RNA 0.9 1. 5 1. 8 1. 7
Xanthine 0.9 44. 5t 1. 6 • 85. I t2 .  8 9 2 . 6+2 .4
103 x 151 Standard 7. 0 48.2+2.6 64. 0+3. 7 67. 9 t4 . 1
RNA 0. 3 24.6+2.6 58. 9 t3 . 1 72.4+2. 7
Xanthine 7. 2 54. 3+3. 2 88. 0+2. 6 94.91:4. 1
151 x 154 Standard 5.9 58.2+3.3 67. 1+2. 7 73. 0+3.4
RNA 0.4 16. 2+1. 1 49.0+2.8 54. 6+1. 5
Xanthine 5. 8 78. 6+2. 6 105.7+3.0 106. 8+3. 7
103 x 154 Standard 4. 7 33.4+3.6 50. 5+2. 5 53.2+3.0
RNA 1. 7 2. 3 3.8 3. 8
Xanthine 1. 3 12. 3+1. 1 22. 7+2. 7 24.8+1.9
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T a b le  V. D r y  w e ig h t s  ( m g .  ) o f  r o o t s  g r o w n  in  s t a n d a r d  m e d i u m ,  w i th
R N A , a n d  w i th  x a n t h i n e ,  r e s p e c t i v e l y ,  f r o m  th e  f i r s t  s e r i e s
o f  e x p e r i m e n t s  ( I ) .  (20  f l a s k s  p e r  d e t e r m i n a t i o n .  )
Lines Medium
F i r s t
Week
151 Standard 0. 5
RNA 0. 2
Xanthine 0 .4
103 Standard 0. 3
RNA 0. 05
Xanthine 0. 1
154 Standard 0. 2
RNA 0. 07
Xanthine 0. 1
103 x 151 Standard 0. 2
RNA 0. 1
Xanthine 0. 5
151 x 154 Standard 0. 2
RNA 0. 07
Xanthine 0. 3
103 x 154 Standard 0. 2
RNA 0. 1
Xanthine 0. 2
Second Third Fourth
Week Week Week
2. 3 3. 5 3. 6
1.9 3 .4 3.6
2. 3 3. 4 4. 1
3.0 4 .8 5. 3
0. 1 0. 1 0. 2
1. 6 2.4 2. 5
5. 1 6. 3 8 .4
0. 1 0. 2 0. 2
4. 2 7. 5 8.9
4. 0 6. 1 6. 3
2. 1 6.5 6. 6
5 .5 7. 7 8. 0
5 .4 6. 0 7. 2
8. 0 10.8 4.9
8. 0 10. 2 9.9
3. 0 5. 5 5 .4
0. 2 0.4 0. 5
1. 0 2. 1 2. 3
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Table VI. Dry weights (mg. ) of roots grown in standard  medium, with
RNA, and with xanthine, respective ly , from the second se r ie s  
of experiments (II). (10 flasks per determ ination .)
Lines Medium
F ir s t
Week
151 Standard
RNA
Xanthine
0. 7 
0. 2 
0 .4
103 Standard
RNA
Xanthine
0. 3 
0. 05 
0. 2
154 Standard
RNA
Xanthine
0 -. 2 
0. 07 
0. 1
103 x 151 Standard
RNA
Xanthine
0. 7 
0. 1 
0.8
151 x 154 Standard
RNA
Xanthine
0 .4  
0..06 
0. 5
103 x 154 Standard
RNA
Xanthine
0. 2 
0. 1 
0. 1
Second Third Fourth
Week Week Week
2.8 3. 0 2. 7
1.8 3. 7 3. 7
2. 3 3.9 4. 1
3 .4 5. 2 6. 2
0. 07 0. 08 0.2
1. 0 2. 2 3.0
5. 0 6. 8 8.9
0. 1 0. 2 0. 2
4. 2 8. 2 10. 5
4. 5 6 .4 6. 4
2. 3 7. 1 6. 8
5. 2 7. 7 8. 7
5. 7 6.4 7.8
1. 7 4. 8 5. 0
8 .4 9.9 9 .4
3. 2 5.4 4. 5
0. 2 0.4 0 .4
0.9 2. 1 2. 5
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T a b le  V II. D r y  w e ig h t s  ( m g .  ) o f  r o o t s  g r o w n  in  s t a n d a r d  m e d i u m ,  w i th
R N A , a n d  w i th  x a n t h i n e , r e s p e c t i v e l y ,  f r o m  th e  t h i r d  s e r i e s
o f  e x p e r i m e n t s  ( I I I ) .  (1 0  f l a s k s  p e r  d e t e r m i n a t i o n . )
Dines Medium
F ir s t
Week
Second
Week
Third
Week
Fourth
Week
151 Standard 0. 6 2. 5 3. 6 3. 8
RNA 0. 2 2. 1 3. 5 3.9
Xanthine 0. 5 2. 5 3. 7 4. 7
103 Standard 0.4 3. 1 5. 0 5. 7
RNA 0. 07 0. 1 0. 1 0. 3
Xanthine . 0. 1 1.9 2 .4 2.8
154 Standard 0. 2 5. 3 6 .4 8. 7
RNA 0. 1 0. 1 .0. 2 0. 2
Xanthine 0. 1 4 .4 7.9 9,8
103 x 151 Standard 0.4 4. 1 6. 5 6. 7
RNA 0. 1 2.4 6. 8 6. 7
Xanthine 0. 7 5.8 8. 1 8. 5
151 x 154 Standard 0. 3 5.9 6. 4 7. 5
RNA 0. 04 1.9 4. .6 5. 1
Xanthine 0 .4 8. 1 10. 7 10. 1
103 x 154 Standard 0. 2 3.4 5. 3 5. 0
RNA 0. 2 0. 2 0 .4 0. 5
Xanthine 0. 2 1.2 2. 2 2. 3
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FRACTIONATED RNA:
Roots trea ted  with the different fractions of RNA would have 
revealed  sharp  differences in responses to these fractions if physiologi­
cally active im purities had been present. It can be assum ed that the 
concentration of any such substances in relation to the quantity of RNA 
presen t, would have been changed in the process of fractional p rec ip ita ­
tion described. The resu lts  of this se r ies  of t r ia ls ,  as shown in Table 
V, indicate no significant differences among the two fractions and the 
filtra te  or between any of them and the stock RNA.
Weights of roots grown in the various fractions of RNA did not 
vary more than the experim ental e r ro r  in any case (Table VIII). Com­
parisons in this table are  based  on se r ies  III of the main body of the ex ­
perim ent, since this was in p rogress  at the time of the fractionation 
studies. Dry weights of the roots grown in various fractions are  not 
reported .
EFFECTS OF XANTHINE:
The fre sh  and dry weights of roots of all but one of the clones 
were modified when xanthine was added to the standard medium in a 
concentration of 0 .2  gram s per l i te r  (Figures 1, 2, Tables II-VII).
The roots of 151 showed no significant differences in the f irs t  two 
weeks of growth, but in both the th ird  and fourth weeks, there  was about 
one-third g rea te r  weight (Figure 1). This, along with the slight increase  
at the end of the second week, made for a weight increase  pattern
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Table VIII. F re s h  weights (mg. ) of roots grown in standard  medium 
with stock RNA, fractions I, II, and the filtra te  of the 
purified  RNA, respective ly . (10 flasks per de term ination .)
Lines
Stock
RNA*
F raction
I
F raction
II Filfcrate
151 1st wk. 1. 2 1. 3 1. 3 1.3
2nd wk. 13. 3 13.9 12. 7 13. 6
3rd  wk. 34. 6 35. 2 35. 0 33.8
4th wk. 37 .4 36. 6 38. 0 37. 6
154 1st wk. 0.9 0. 7 1. 0 1. 1
2nd wk. 1. 5 1. 7 1.4 1. 5
3rd  wk. 1.8 1. 8 2. 0 1.7
4th wk. 1. 7 1.8 1.9 1. 7
151 x 154 1st wk. 0 .4 0. 5 0. 7 0.4
2nd wk. 16. 2 15. 6 15. 9 16.4
3rd  wk. 49. 0 50. 7 49. 6 47.9
4th wk. 54. 6 55. 7 53.9 54. 5
* T ria ls  with the fractions of RNA were run concurrently  with the la s t  
se r ie s  of the main experim ent, and these data rep re se n t  this la s t  
s e r i e s .
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s im ila r  to the one derived when the roots were grown in the standard 
medium except for the increased  values of the upper flat portion of the 
sigmoid curve.
The weight of roots of s tra in  103 was significantly sm aller 
throughout the period of observations in the presence of xanthine than 
in the standard  medium. The final total f re sh  weight was about th ree -  
fifths that in standard medium, but the general pa ttern  of weight in ­
crease  was the sam e. There was a definite leveling-off of weight in­
c rease  at the end of the second week, whereas the leveling-off in standard 
medium occurred  at the end of the th ird  week (Figure 1).
Xanthine had no effect on the fourth week weights of 154 roots. 
The pattern  of weight increases  of 154 roots grown in xanthine medium 
was slightly different from that of the controls, but probably not signi­
ficantly so (Tables II-VII).
Among the hybrid clones, those of 103 x 151 and 151 x 154 
showed g rea te r  weight increase  upon the addition of xanthine to the 
medium. Of these, 103 x 151 had about one-th ird  g rea te r  fresh  weight 
at the end of the th ird  week and a little  m ore at the end of the fourth 
week than did the control.
Roots of 151 x 154 showed a g rea te r  weight increase  after the 
f i r s t  week, and during the th ird  and fourth weeks showed more than one- 
th ird  g rea ter  weight with added xanthine. Roots of 103 x 154 showed 
the same general le s se r  weight increase  that was shown by 103 roots
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when xanthine was added to the medium. In this hybrid, the addition of 
xanthine appeared to reduce the weight increase  during the f i r s t  week.
No significant differences in relative growth based  on dry 
weights can be noted (Figure 2).
RE PURIFIED XANTHINE:
It is quite obvious from  Table IX that no change in the effect of 
the stock xanthine was brought about by the repurification with charcoal. 
The lines selected show growth values within the standard  e r r o r  of the 
th ird  replicate (III) of the main experiment, since these portions of the 
study were done concurrently. The differences in every  case, were 
within the range of the standard e r r o r ,  hence, insignificant.
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Table IX. F re s h  weight (mg, ) of roots grown in standard  m edium  with 
stock xanthine and repurified  xanthine. (20 flasks per 
determ ination. )
S train
Stock
Xanthine*
Re purified  
Xanthine
103 1st wk. 1. 2 1. 0
2nd wk. 18.410.4 17. 7+0. 7
3rd  wk.: 23. 5+0. 5 24.610.8
4th wk. 29.0+0.9 29.0+1.0
154 1st wk. 0.9 1. 1
2nd wk. 44. 5+0. 5 46. 1+1. 2
3rd  wk. 85. 1+0. 9 83. 7+0. 7
4th wk. 92. 6+0.8 95. O il. 1
151 x 154 1st wk. 5. 8 6.0
2nd wk. 78. 6 to .9 80. 6l 1. 3
3rd  wk. 105. 7 t l .  0 103.3+1.2
4th wk. 106. 8+1. 2 108. 4+1.4
* Triads with the repurified  xanthine were run concurrently  with the 
la s t  se r ie s  of the m ain experim ent, and these data rep re sen t  this 
la s t  s e r ie s .
D IS C U S S IO N
The application of the root culture technique to a problem  such 
as this always ra is e s  an issue of the adaptability  of the m a te r ia l  to such 
experim ents . Since A lm estrand  (1951) considers this such a desirable  
medium for re sea rch ,  we might consider the basis  of the following ex ­
cerpt: "Sterile cultures of roots m ust be reg a rd ed  as one of the best
controlled growth system s available. "
In the f i r s t  place, even in 1951 there  was no general agreem ent 
as to the presence or absence of m icroorgan ism s in the roots that were 
cultured. Although t is su e s  other than roots have been under scru tiny  for 
b ac te r ia , we have no evidence to indicate the presence of such m ic ro ­
organism s in the clones used.
Since the clones a re  derived originally, for the labora to ry  
stock, from  s te r il ized  seeds and handled under aseptic  conditions, we 
can assume their re la tive  freedom  from  contamination.
The tomato roots were m aintained under essen tia lly  the same 
conditions as described  by White (1943) who repo rted  ten years  of su c ­
cess up to that tim e. In addition, the problem  of securing vigorous growth 
for a reasonably long period is somewhat m ore complex than the m ere  
maintenance of living clones over a long period. White was not able to 
achieve growth ra te s  as g rea t as those reported  in this paper, and did
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not find it n ecessa ry  to t ran s fe r  his stocks very frequently. By the 
t ran s fe r  of tips, however, we m ust grant Dr. White the distinction of 
having extended the life of tomato roots far beyond any previous record .
Maximum fresh  and dry weights were generally  achieved in less  
than four weeks. There have been a number of investigations of factors 
involved in bringing about the cessation of growth of roots in culture. 
Street, et^aR (1951) relate  cessation of growth of roots to changes in the 
medium. As a resu lt  of metabolic activity of these roots, the pH of the 
media tends to increase . This ’’alkaline drift"  tends to increase  the pH 
from  4. 6-4. 8 (optimum for S tree t 's  tomato roots) to as much as 6. 5-7. 0 
in three  weeks.
That other factors are involved is indicated by the work of 
S treet and Roberts (1952) and S treet, ejt al, (1953). These investigations 
show that the m eris tem atic  portion of roots will continue to grow in ­
definitely if they are  separa ted  at re latively  short in tervals (7 days) from  
the m ore differentiated portions of the roots. This suggests that a change 
in internal balances is im portant in bringing about cessation  of growth. 
The fact that cutting off te rm ina l tips affects the growth of la te ra l  roots 
suggests corre la tion  factors between the term inal and la te ra l  tips. These 
same workers have modified the length of the growth period (1953) by 
a ltering the sugar concentration of the medium.
Despite unsatisfactory links in our understanding of the causes 
of cessation of growth of excised roots in culture, a study of the growth
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of such roots under fixed conditions perm its  the evaluation of effects of 
specific substances as long as our deductions a re  not beyond the e v i­
dence .
Beginning our consideration of this phenomenon in rela tion  to 
plants under le a s t  deviation from  norm al development and morphology, 
we can consider the work of B er (1949). He deals with the effects of 
RNA and re la ted  m a te r ia ls  on in tact seedlings of a number of species.
The plants were grown in a m anner somewhat s im ila r  to the tomato roots, 
but had, of cou rse , m ore complex growth pa tterns . B er found b a rb itu ­
ra te s  and th iouracil to have both favorable and unfavorable effects on 
the growth of pea seedlings. These substances caused a bushy charac te r  
of shoots by axillai'y bud development as well as p r im a ry  root stimulation. 
This effect was accompanied by definite inhibition of la te ra l  roo ts , shoots, 
and root h a irs .
The co rre la tion  disturbance found in peas was not found in
other spec ies . Overall inhibition in buckwheat, oats, m ustard , and
c re ss  was produced with a concentration of 8 x 10 g ram s per l i te r  of
- 3th iouracil. However, at 1 x 10 g ram s per l i te r ,  th iouracil was s t im u ­
la to ry  to shoot growth. B er in te rp re ted  the effects of nucleic acids and 
nitrogen bases on the growth of in tact seedlings to be the re su lt  of a b ­
norm al RNA balances operating to modify the auxin m echanism s.
B er concluded that u rac il  is an essen tia l metabolite for plant 
growth. He suggests that th iouracil, or any 4, 5, or 6, substituted
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pyrimidine, is an anti-metabolite because it cannot be incorpora ted  into 
the RNA molecule in normal plant m etabolism . Accordingly, B er su g ­
gests that the synthesis of RNA is n ecessa ry  to the function of auxin. 
RNA and growth substances, singly or in combination, did not re v e rse  
the inhibition of the 4, 5, or 6, substituted pyrim idines in B e r 's  e x p e r i­
ment.
B e r 's  conclusions reflect, in p a rt  at lea s t ,  some of the ideas 
put forth by Thimann (1951) in regard  to the function of growth sub­
stances. He allows for certa in  concentrations of auxin to function as 
norm al levels in a plant, but their being associa ted  with substances 
of anti-metabolic character reduced the functional capacity of the auxin. 
This may well be the case, since we have indications of such auxin r e ­
versal and counter rev e rsa l  (Thimann, 1951). If these applications 
were made to reports  in this paper, it would superim pose the genetic 
constitution of the plant m ateria ls  on a presum ably general phenomenon.
We can, however, corre la te  some of the data derived from  
tomato root studies with virus tumor studies done by Nickell, et al, 
(1950). Virus tumors of Rumex grow quite slowly and a re  still  in a l ­
m ost average growth pattern at the end of the culture period. Other 
disadvantages are present, but have little  effect on this consideration.
The tumors used by Nickell, e t a l , (1950) contained the active 
virus which had induced the tumor. Whether the modification of tum or 
growth was a consequence of d irect effects of the R N A  o r  rela ted
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substances on cells of the tumor or of indirect effects through the 
v iruses is not c lear. The overall ra te  of growth is le ss  in virus tum ors 
than in tomato roots and the organization differs greatly. The three 
week period of growth for tumor explants resu lted  in an increase  of 
only five fold, as contrasted  with m ore than a hundred fold increase  in 
tomato roots. The use of gel culture medium by Nickell and his a s s o ­
ciates m ay have affected the re su lts  by changing the availability of c e r ­
tain substances. To what extent the effect of RNA and re la ted  m ateria ls  
on the growth of virus tum ors can be compared with those on excised 
tomato roots grown in culture cannot be postulated.
Growth of the virus tum ors was somewhat inhibited by RNA, 
although the tum ors otherwise appeared norm al. With DNA, the r e ­
duction of growth rate  was accompanied by darkening of the tum ors.
The addition of hydrolyzed RNA produced stimulation; the addition of 
hydrolyzed DNA produced inhibition. Both nucleic acids proved inhibi­
to ry  to tomato roots when hydrolyzed (Table I), but comparisons are 
difficult in view of the diverse genetic constitution of the tomato roots.
Nickell, et al, ( 1950) tes ted  hypoxanthine, xanthine, and uric 
acid as a se r ies  of increasingly  oxidized substances as substitutes for 
the na tura l purines which occur in RNA. Being the mono-, di-, and t r i -  
keto purines, respectively , these substances offered a scheme whereby 
uniform graded substitution in the purine nucleus could be tested.
In the cultivation of virus tum ors, xanthine proved stimulatory,
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while hypoxanthine was even m ore stim ulatory  in m ost cases . However, 
uric  acid was actually inhibitory to the point that growth was alm ost 
completely stopped. The effect of xanthine on tomato roots was s tim u­
la tory  to roots of 151 and both of its hybrids and not completely inhibi­
to ry  to the others. Hypoxanthine proved inhibitory to all but one clone 
of tomato roots, in which it had no obvious effect. Uric acid caused 
inhibition to all but one clone of tomato roo ts , but had no effect on a 
different clone (103). The para lle l of toxicity increase  with oxidation 
levels of the purines, therefo re , occurs in both organism s.
Studies of the effect of nitrogen bases of RNA and rela ted  
purines on tumor tissue made it obvious that the addition of no one of 
the nitrogen bases had the stim ulatory  effect of the hydrolyzed RNA. 
Adenine, adenosine, adenylic acid and cytidylic acid proved inhibitory. 
However, guanine and u rac il  proved stim ulatory , and produced la rg e r ,  
healthier tum ors. Thus, one of the two purines and one of the two 
pyrimidines in the RNA molecule proved stim ulatory, the others 
inhibitory.
This is a strong indication that any effect of RNA occurs with­
out breakdown to the free bases , or even the nucleotide units. The 
same implication can be seen in the screening experiments with tomato 
roots (Table I) in which the nucleic acids and their hydrolysis compo­
nents reac t so differently. These breakdown products of RNA and DNA 
have been studied extensively by w orkers at the Wellcome R esearch
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L ab o ra to r ie s  and the Sloan K ettering Foundation. The t e s t  o rgan ism  
being L actobacillus case ii ,  m ay  leave m uch to be w ished for in re g a rd  
to re la ting  th e ir  data to this p ro jec t,  but som e fundam ental ideas may­
be involved.
E lion and co -w orkers  (1950, 1951) made su rveys  of the effects 
of num erous re la te d  compounds. These included xanthine, hypoxanthine, 
and num erous m ethyl substitu ted  pu rines , among hundreds of compounds 
used . In te s ts  of the effects th is la rge  num ber of n itrogen  bases  had on 
the grow th of L . case ii ,  these w orkers  found xanthine to be v e ry  s t im u ­
la to ry  but that the substitu tion of m ethyl groups in the purine nucleus r e ­
duced the s tim u la to ry  effect.
The extent of the effects of RNA and its  de riva tives  appears  to 
depend on the genetic constitution of the m a te r ia ls  being studied. In 
tom ato , for exam ple, the growth of line 151 is not significantly  s t im u ­
la ted  by xanthine and the growth of line 154 is not s tim u la ted  by xanthine, 
yet the hybrid  of these  two lines is m a te r ia l ly  s tim u la ted  by the addition 
of xanthine to the m edium . The rea so n s  a re  not c le a r ,  although it is 
possib le  tha t 151 and 154 a re  l im ited  in th e ir  grow th by fac to rs  o ther 
than xanthine, w hereas the hybrid  is not so inhibited, and hence s t im u ­
la ted  by the addition of xanthine. It does ra is e  a question of the s ig n if i­
cance of the data from  one species of b a c te r iu m . The growth of 103 is 
m ark ed ly  inhibited by xanthine and the hybrid  103 x 154 is s im ila r ly  
inhibited, however the hybrid 103 x 151, the la t te r  p a ren t of which is
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not significantly affected by xanthine, is appreciably  stim ulated .
The effect of RNA on lines 103 and 154 is a lm ost complete in ­
hibition, which is also the condition of the hybrid. When 154 is c ro sse d  
to 151, which is re la tive ly  unaffected by RNA, the hybrid 151 x 154 
shows a little  le ss  than half the inhibition seen in 151. The unaffected 
151 c h a rac te r  is re flec ted  in the c ross  with the inhibited 103, in which 
there  is little  or no effect of RNA in 103 x 151. If there  is a definite r e ­
sponse of an unfavorable nature from  151, it  is reflected  in both its 
hybrids, e ither fully or as interm ediate of the two paren ts . S im ilarly , 
the irrespons ive  charac te r  of 151 is shown in lack  of response or an 
in term ediate  condition in its hybrids. The ch a rac te r  of line 103 does 
not appear significant in the hybrids.
More recently , B alis, et al, (1952, 1953) have studied le s s  
severe ly  hydrolyzed fractions of nucleic acid. Unlike the effect on 
tomato roo ts , these la rg e r  fractions give complicating in ferences in 
understanding the m etabolism  of Lactobacillus. This is in the case of 
r ibosepurine  and ribosepyrim idine complexes which are  derived  from  
RNA. It does indicate, however, that nucleic m a te r ia ls  do not function 
through a sim pler in term ediate in these antagonistic re sp o n ses . The 
phosphoric acid component is the only portion which seem s to have little  
or no specificity  in the case of the bac te r ia  studied (B alis, 1955).
Whether such large  molecules as RNA and xanthine en ter cells 
is not c lear . Cytological studies (Pa in te r, 1943) definitely suggest some
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m ovem ent of nucleic  acids through the nuclear m em brane . The p re s e n t  
study sheds litt le  light on the question of m ovem ent of these  substances  
th rough  cell m em b ran es  since the effects are  so varied . But i t  can be 
supposed, on the b a s is  of the observed  fac ts , that there  is  some m o v e ­
m en t of them  or th e ir  components into the m er is tem a tic  ce lls .  T here  
is  the poss ib ili ty  th a t  m em brane  pe rm eab ili ty  is so a lte re d  by the 
p re sen c e  of these subs tances  tha t additional changes in m etabo lism  r e ­
su lt  in the changes in the growth ra te ,  sim ply as a function of the m e m ­
brane  m odification.
If the passage  through m em branes  is dependent on the fo rm a ­
tion  of DNA (P a in te r ,  1943), it r a i s e s  num erous questions not within the 
scope of this d iscussion . No RNA converting enzym es a re  known in 
sy s te m s  that utilize  DNA. If th e re  is  a conversion of RNA to DNA, a 
n itro g en  base  is changed in such a way as to requ ire  m ethylation and the 
r ib o se  m ust have subs titu ted  a hydrogen atom for a hydroxyl group.
Any such  changes can work only through in te rm ed ia tes  which have never 
been  iso la te d  in quantity. Their absence in quantity is only c i rc u m s ta n ­
t ia l  evidence, but such a s e r ie s  of complex changes in the in te rm ed ia tes  
would lead  one to expect to find the in te rm ed ia tes  them se lves .
None of the known concepts of nucleic acid conversions apply 
with any sa tisfac tion . B ra c h e t 's  (1947) concept of breakdown and r e c o n ­
stitu tion  of the nucleic  acids involves the form ation of h istones . This has 
been  c irc u m stan tia l ly  co rro b o ra ted  by studies on the histidine and purine
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requ irem en ts  in E sc h e r ich ia  coli with rad io  tagged m a te r ia ls  (Balis, 
e t  al, 1955). Methylations and reductions a re  not uncommon in ce llu la r  
m etabolism , but no enzym es have been described  for this p a rt icu la r  
conversion. There is sm a ll  likelihood that the culture m edium or the 
roo t su rfaces  would be thus equipped.
The in tact RNA is specific  in its e ffects. This is em phasized  
by the fact that the reac tion  of roots to RNA frequently  differs from  the 
reac tion  of the same roo ts  to various hydrolysates of RNA, sep ara te ly  
or in full com plem ent. RNA is hydrolyzed into nucleotides, to nucleo­
sides, and then to n itrogen b ases  , r ibose , and phosphate. There should 
be some re la tion  among the effects of nucleotides, nitrogen b a ses ,  and 
the paren t m a te r ia l .  This overa ll study did not verify  this concept in 
any way. It does indicate, in a genera l way, that conclusions drawn 
from  m etabolic  studies of the nucleic m a te r ia ls  and one species of 
organism  m ay well be ra th e r  weak.
The place of xanthine in such a picture  is quite different. It 
is a re la tive ly  simple substance, read ily  purified. Its m olecular con­
figuration is known. If size were the only c r i te r io n , xanthine would 
pass through cell m em branes much m ore  read ily  than RNA. Such in ­
dications are  not the case , since it, too, depends m ore on the genetic 
constitution of the tomato roots for its  effect than on any general 
m etabolic phenomenon. It m ay function as a nitrogen base in the bu ild ­
up of nucleic acids or it  m ay sim ply be a source of nitrogen.
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One m ust conclude, therefo re , that any extensive conclusions 
as to the place of nucleic m ateria ls  m ust be based on many species and 
genetically distinct lines within the species. There will be a g rea ter  
need for the tagging of certa in  portions of the molecule if we are to 
follow it in the pathways within the tes t  m ater ia ls .  In addition, techni­
ques should be developed which will allow for the use of even less  d is ­
to rted  growth systems for the experim ental procedures.
SUMMARY
1. Excised tomato roots were grown toy standard procedures and with 
the addition of ribose nucleic acid in an attem pt to determine the 
effect of the intact acid.
2. Excised tomato roots were grown in media supplemented with 
numerous fractions of ribose nucleic acid and rela ted  substances 
in an effort to determine the effect of these substances.
3. Growth determinations were made and analyzed in light of the 
genetic constitution of the tomato roots, utilizing inbred and hybrid 
line s .
4. Conclusions are  as follows:
a. Nucleic acid affects growing cultures as an intact unit, not 
significantly hydrolyzed in the process of inducing its effect.
b. The effect of nucleic acids and components a re  very signifi­
cantly associated with the genetic constitution of the tes t 
o rgan ism s.
c. Profound deductions from  experiments of various workers are 
not possible, in view of the lim ited range of species and lines 
studied.
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